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OF TEE YF-102 AlRpLAME WITH TWO WDiG CONFIGURATIONS 

By =win J. Salt-, Donald R. Bellmm, 
and Norman T . MUsialowski 

Lift  and drag characteristics  of  the Convair YF-102 airplane  have 
been  determined in flight for the  symmetrical w i n g  configuration and for 
the  cambered wing configuration.  The  data  were obtained for l i f t  coeffi- 
cients  between 0.025 and 0.73, for  altitudes  of 25,OOO feet, 40,000 feet, 
and 50,OOO feet and for Mach  nuibers from 0.6 to 1.17. 

The  results  indicated  that  the  lift-curve  slopes  increased gradually 
b- with Uft over  the  lift  range  from 0.1 to 0.4 with much greater  increase 

- figuration caused the  angle  of  attack  for  zero  lift  to.increase  less 

for  the  symmetrical wing configuration than for  the  cambered wing con- 
' figuration. In addition, the modifications  comprising  the  cambered  con- 

than 0.5~. 
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The  cambered  configuration  experienced  lower *a@; coefficient  valtxes 
for lift coefflcient values above 0.1. l&ximum advantage  of  the  cambered 
configuration was realized st lift coefftcients of 0.3 and  above,  where 
the  reduction i n  drag coefficient  amounted  to  about 0.01. The  drag-due- 
t o - l i f t  va lues  for  the canibered configuration  were 65 to 75 percent of 
the symmetrical values at a lirt coefficient  of 0.2 and for Mach nuuiber 
values  below  the drag rise.  At a Uft coefficient value of 0.35 the 
drag-due-to-Uft  of  the  cambered wing was 75 to 85 percent  of the sym- 
metrical wing values. The maxlmum Uft-drag ratio  for  the  canibered wing 
was  almost 20 percent  higher than for  the  conqarable symmetrical w i n g  
values throughout  the  Mach  number  range. 

Comparisons of flight and tunnel drag characteristics  suggest a tend- 
ency of zero-lift drag coefficient to decrease with increasing  Reynolds 
number;  however, it cannot  be  determined fromthese comparisons  what 
part  of  the zero-lif t  drag  coefficient  change  is a result of Reynolds 
nuniber and what  portion shauld be  attributed  to  model  variations from 
exact  reproductions , or to inaccuracies  in  the  data. 
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The NACA High-speed  Flight  Station  at Eawards, Calif.  has  made a 
flight  determination of the lif't  and drag characteristics of the 
Convair YF-102 airplane.  The  airplane  was  first flown with a symmetrical 
section wing; then,  cambered  leading  edges,  reflexed  tips,  and a second 
pair  of  fences  were  attached  to  the  wings and additional  flights  were 
made.  This  paper  presents  the  lift  and  drag  characteristics of the air-  
plane  with  both  wing  configurations.  The  tests  were  conducted at alti- 
tudes  of 25,000 feet and 40,000 feet,  covering  the  Mach  number  range f'rom 
0.6 to approximately 1.17 and  the  lift-coefficient  range f'rom 0.025 to 
0.73. In addition, a small amount  of  data  with  the  canibered wing con- 
figuration was obtained at  an altitude of p,OOO feet,  The  tests  were 
made f r o m  December 1954 to  June 1.955. Comparison  is also made  with 
unpublished  1/20-scal.e model data f'rom the NACA Langley &foot transonic 
wind tunnel.  These  model  data,  prepared by Robert S. Osborne and 
Kenneth E. Tempelmeyer,  represent both the  cambered and syrmnetricd 
configurations. 
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a 1 

an 

cD 

C 
DO 

cf 

, cL 

airplane  cross-sectional  area, sq ft 

aspect  ratio 

tail  pipe  exit  area  (engine  cold), sq f% 

longitudinal  acceleration, g units 

normal acceleration, g units 

wing  semispan, f ' t  

drag coefficient, D/qS 

zero-lift  drag  coefficient 

thrust;  coefficient, Thrust measured by thrust stand 
Thrust  determined by probe  measurements 
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CPT normal-force coeyficient, w&~,&s 

cX 

uft-curve slope, aeg-1 or radians-1 
:- 

longitudinal-force  coefficient, Fn - Waz 
ss 

- 
C mean aerodynamic chord, ft 

D drag  force along flight path, lb 
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Ly=D increment i n  drag  coefficient, is 

adjusted  for change i n  area when deriving % for  cam- 

h r e a  wing) 

Fn net 'thrust, lb 

Fr ram drag, l b  

Q gravitational-  acceleration,  ft/sec 

hp 

2 

pressure altituae, ft 

IX 

4 
Iz 

=xz product of iner t ia ,  slug-& 

moment of i ne r t i a  about X-axis ,  slug-ft? 

moment of inertia about Y-axis, slug-€'t2 

moment of i ne r t i a  about Z-axis, slug-Ft 2 

L lift force normal t o  flight path, lb 
* 

~L/D>max maximum l i f t -drag   ra t io  

I 2 fuselage length, ft 
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pi Mach  nuMber 

N high-pressure  compressor  speed, r p m  

P static  pressure, lb/ f t2  

P' total  pressure,  l.b/ft2 

Q dynamic  pressure, O.$p, lb / f t2  

S wing  area, sq f ' t  

T total  temperature, OR 

V airplane  velocity,  ft/sec 

W airplane  weight,  Ib 

wa engine  air flow, lb/sec 

HACA RM m6E08 

X distance along fuselage from fuselage zero length  station, f ' t  

a angle of attack,  de@; 

Subscripts: 

L lef't 

R right 

0 f'ree  stream 

1 duct station approximately 5 feet from inlet 

2 compressor  face  station 

3 exhaust  exit  station 

C cambered 

a symmetrical . 
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Airplane 
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The Convair YF-102 airplane is  a single-engine, 60’ delta-wing 
interceptor powered by a J57-P-ll turbojet  engine having an installed 
sea-level thrust of approximately ll,3OO pounds with  afterburner,  or 
7,400 pounds without afterburner. This  airplane weighs approximately 
28,000 pounds at  take-off,  resulting  in a mimum take-off thrust-weight 
r a t i o  of about 0.4. The YF-102 does not have a horizontal tail, but 
u t i l i zes  elevons a t   t h e  eng t r a i l i ng  edges for  longitudinal  control. 
These controls comprise almost 10 percent of the wing area, and therefore 
can produce large  drag  contributions. 

The two airplane configurations  tested are designated in  t h i s  paper 
as the  symetrical  wing and the cambered  wing,  however they  also  differed 
in  several  other  respects. The symmetrical wing had a maxfmum thickness 
of 4 percent of the chord and had a single pair of fences  located at  
67 percent semispan, eXtend.ing from the leading edge t o  the  elevon  hinge 
l ine.  The cambered wing was a modification of the symmetrical wing. 
Cankered leading edges were instal led and the existing  fences were 
extended  forwazd  around the leading edge. A second pair of fences w a s  
mounted a t  37 percent semispan, and the wlng tips were reflexed loo up 
a t  the t r a i l i ng  edge outboard of the  elevon  (82  percent  semispan). The 
leading-edge  modification  consisted of a conlcal caniber extending from 
root t o  t i p  with a parabolic  distribution over the  outboard 6.4 percent 
local  semispan. This leading-edge  addLtion  decreased the wing tbiclmess 
r a t io  t o  0.039 a t   t h e  root and to 0.035 a t  the outboard edge of the 
elevon, and also increased the wing area by about 5 percent. 

Figure 1 presents  three-view drawings of the two configurations and 
figure 2 shows three  general views of the  airplane. A photograph i l lus-  
trates the  cambered wing leading edge in figure 3; deta i l s  of this 
leading edge are shown in figure 4. General physical characteristics of 
the  airplane  are  given i n   t a b l e  I. The area-rule concept was not  incor- 
porated in  the  design of this airplane; however the normal area distri- 
bution i s  shown in figure 5.  

W i n d - T u n n e l  Models 

Differences exist between the full-scale airplanes and the wind- 
tunnel models used for comparison.  For both models the fuselage diameter 

shorter and 0.3 inch huger  i n  diameter than a true l/2O-scale model. 
The base convergence angle was about the same f o r  the model Etnd the 

W was 0.2 inch smaller and the f’uselage t a i l  cone was  about 1.1 inches 

LI 
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flzll-scale  airplanes. In addition,  the  symmetrical wing model had a 
shortened  fuselage  nose  and  the  canibered  wing  model  did  not  have  fences 
at 37 percent  semispan. 

The YF-102 airplane  contained  standard NACA recording  instruments 
and  synchronizing  timer  for  measuring  all  quantities  pertinent to the 
reduction  of  lift and drag data  except  for  the  f'uel  meter ( f o r  estab- 
lishing  center-of-gravity  location)  which was read  by  the  pilot,  and 
the  compressor  speed  indicator  which  was  photographed  by a 35-millimeter 
movie  camera  operating  at 2 frames per  second. 

An NACA standard  airspeed  head  provided  total  pressure  and  static 
pressure  from  points 87 inches and 79 inches,  respectively,  forward of 
the  f'uselage  zero  length  station.  Angle of attack was measured  by a 
vane  at a point  about 64 inches  ahead of the  fuselage  zero  length  station. 
T o t a l  air  telnperature  was  measured  by a shielded  resistance-type  probe 
located  beneath  the fuselage nose. 

T o t a l  pressure  at  the  compressor  face  during  the  cambered  wing 
flights  was  obtained  by 6 radial  rakes  of 5 probes  each  located inme- 
diately ahead of  the  compressor.  These  probes  recorded  individually on 
separate  cells and it  was  noted  that two widely  separated  probes,  when 
averaged,  gave  results  equal  to  the  average  of all 30 probes  over  the 
Mach  number and angle-of-attack  ranges.  Subsequently,  these  two  probes 
provided  total  pressure  p'  which  was  used  to  evaluate  ram  drag  for 
f o r  the  remainder  of  the  study.  Engine  exit  total  pressure  was  meas- 
ured  by an air-cooled  probe  located at the  nozzle  exit  plane of the 
afterburner. 

2 

CALCULATIONS AM) "HODS 
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The  nozzle  coefficient Cf was determined f r o m  a ground  thrust-stand 

the  curve  because  higher  pressure  ratios  are  attainable  at  altitude than 
can be obtained on  the ground. The  tail  pipe  total  pressure was measured 
with  the  probe  mentioned in the previous  section and ambient  pressure 
was  determined f r o m  the  altitude  measuring  system.  Airplane  velocity 
Vo was  calculated from the  airplane  Mach  and  the  outside air 
total  temperature. Air flow Wa was determined from engine  conrpressor 
characteristic  cwrves  adjusted  to  flight  conditions  by  total  tenqerature 
and  total  pressure.  Total  temperature T2 was assumed to be  the 8- 
as  outside air total kqerature. The methd of  determining  total  pressure 
pf2 during  the  cambered wing configuration  teats has been  described i n  

the  previous  section,  but  during  the  tests  covering  the  symmetrical wing 
configuration  the  probes  at  the  compressor  face,  station 2, were  not 
available.  However,  duct  total  pressure was recorded by a rake  located 
at  station 1 (approximately 5 ft from  inlet)  and  it wzs found  during  the 
cambered  wing  tests  that the ratio of total  pressure  measured  at  the  duct 
station  to  total  pressure  measured  at  coxpressor  face  station p f  

varied in a regular  and  consistent manner with compressor speed N. Thus, 
sufficiently  accurate  values  of  compressor  face  total  pressure  were  avail- 
able  for  the  symmetrical wing tests. 

l.- measurement  and  is  shown in figure 6. It was necessary to extrapolate 

J p  2 

Accelerometers  were used to evaluate  the  lift and drag forces and 
the  resultant normal and longitudinal  coefficients  were  used in the 
equations : 

ACCURACY 

The  angle  of  attack as measured  by  the  vane  was  checked  during  seven 
carefully  executed,  level,  unaccelerated runs by  comparing  the  vane 
readings  with  those  indicated by the  longitudinal  accelerometer.  The 
average  difference was about 0.25O. T h i s  error is probably a conibination 
of  upwash, vane floating,  and  boom  air-load  effects  (effects  of  pitching 
velocity  and  boom  acceleration loads were  removed).  The  upwash  caused 
by the wing was calculated by the  method  of  reference 1 and was found to 
be  about 0 .ao at a Mach  nunher  of 0.8 and at an altitude  of 40,000 feet. 
The  upwash f r o m  the  boom and f’uselage was calculated  by  the  method of 
reference 2 and was  found  to  be O . U o  for the Same conditions. 
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The following table shows the magnitudes of error in lif't coeffi- 
cient and drag  coefficient which r e s u l t   f r a t h e   i n a b i l i t y   t o   o b t a i n  
exact measurements  of certain  pertinent  quantities. This table is cal- 
culated  for  level flight a t  M = 0.8; hp = 40,000 feet, giving a lif't 
Coefficient of approximately 0.2. A t  higher Mach numbers or lower a l t i -  
tudes, or both, resultant and values would becom  smaller. 

-2 

Error source Accuracy of Resultant  Resultant 
error  somce %L % 

1. W, lb  flOO maxim Negligible +o .mol 

2. an9 Q a 0 5  maximum fO .010 +0.0010 

3 .  ai, Q *o .005 maxi- Neglfgible +_o .OOlO 

4. F,, l b  &loo maximum Negligible f o  .om8 

5 .  q, W f t 2  k4.5 maximum HI .005 +-o .0005 

6. a, deg kO.25 average  Negligible +-0 .om9 

The er ror   in  dynamic pressure q i s  based on M = 0.01 determined 
by the  NACA radm calibration  technique of reference 3 .  

It should be mentioned that estimated  errors 1 t o  5 represent  the 

40,000 feet ,  and that maxim errors  calculated  for 25,OOO f ee t  
maximum discrepancies  these  sources can contribute f o r  M EJ 0.8; 
hp would be about half as large. There was no distinguishable  difference 
between the  scatter of data for  40,000 f ee t  and for 25,000 feet .  Thus, 
it appears  the magnitudes of the  individual  errors range a t  random 
between the i r  limits, tending t o  cancel one another. This condition 
resu l t s  i n  the  actual  scatter  being  considerably  less  than  the sum of 
estimated errors 1 t o  6, as shown by the data of figure 8 where the maxi- 
mum scat ter  i n  drag coef f ic ien t   i s  about kO.0020 for % s 0.2 and 
M < 0.9. Because these data are subsequently  faired,  the  resulting 
relationship of drag  coefficient  to lift coefficient i s  virtmlly void 
of random error at low and moderate lift values where -le data points 
are obtained.  Since sll summary data  me  derived from faired basic  data, 
it i s  estimated that the  e r ror   in  drag coefficient at CL 5 0.2 and i n  
t h e  subsonic  region i s  within 0,0010. The e r ro r   i n  drag  coefficient due 
t o  Aa varies  directly with lift, consequently the net  error w i l l  vary 
hpwar8 or downward as lift coefficient  varies from 0.2. 

c - 
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The  data  presented in this  paper  were  obtained.  during  wind-up  turns, 
push-overs, and level runs at  altitudes of 25,000 feet  and 40,000 feet. 
LI addition a small mount of data was obtained  at high lift  conditions 
with  the  cambered wing configuration at an altitude of 50,000 feet. The 
Mach  number  range of the  tests  extended  from 0.6 to 1.17. The Reynolds 

number  based on mean aerodynamic  chord  varied f r o m  23 x lo6 to 77 x 10 6 . 
During the  program  the  airplane  lift  range was limitea  between normal 
acceleration values of 0.25g to 3.7g. The center-of-gravity  position 
for  the  tests was about 29 percent mean aerodynamic  chord. 

The  basic  flight  data  for  both  the  cambered and sy-mstrical wing 
configurations m e  presented  in  figures 7 and 8, which  show  plots  of lift 
coefficient  against  angle  of  attack  and drag coefficient  against lift 
coefficient  for  selected  constant  Mach  numbers.  Data f r o m  the  three 
altitude  levels, with afterburner on and  afterburner  off,  have  been  used 
indiscriminately  because no significant  differences  could.  be  attributed 
to  these  conditions. Two probes  located in the  fuselage  base annulus 
substantiated  the  fact  that  there was no significant  change i n  base drag 
between  afterburner-on  and  afterburner-off  conditions. 

The  data  of  figures 7 and 8 are for trim  conditions and it should 
be  realized  there  is  considerable  variation of Uft and drag with  trim 
because  of  the  effects  of  the  elevons.  Figure 9 shows the  variation  of 
elevon  deflection  for trim with both Mach nuuiber  and lift for  the  cambered 
and symmetrical wing configurations. 

DISCUSSION  OF RES'KGTS 

Lift 

Comparison of figures ?(a) and 7(b) indicates  that the extrapolated 
angle of attack  for  zero lift was less than 0.5O huger for  the cdered 
wing configuration  than  for  the  symmetrical wing configuration.  E'igure 7 
also shows that  as  the Uft coefficient  increases f r o m  0.1 to 0.4, there 
is a noticeable  increase in lift-curve  slope that is greater for the 
synmetrical wing configuration  than for the  cambered wing configuration, 
and  that  the  change  in Uft-curve slope OCCUTS gradually over a consid- 
erable  range  of  lift  coefficient.  Figure 10 compares  the  lift-curve 
slopes of the two configurations at % values of 0.1 and 0.3. 
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Before a discussion of drag i s  attempted, it should be mentioned 
that a l l  drag  differences between the two configurations do not result 
solely from camber but are caused by the combined effects  of a l l  the  con- 
figuration changes and the resultant  tr im changes. In addition, it . 
should be noted that  the wing areas for  the two configurations  are d i f -  
ferent and that the l i f t  and drag coefficients  for each configuration 
have been calculated  using  the  corresponding wing area. 

Values of drag  coefficient  for  zero l i f t ,  extrapolated from the  low- 
lift data of figure 8, are  shown in  f igure 11. The drag-rise Mach  number, 
when defined as the Mach  number where - dCD = 0.1, is approximately 0.93 
for both  configurations and the supersonic  drag  coefficient  level i s  
about three times the  zero-lif t   drag  coefficient  prior  to  the  drag  r ise.  

dM 

A comparison of the basic  plots of drag  coefficient  against lift 
coefficient at constant Mach  number for  both the cambered and symmetrical 
wing configurations  indicates a less rapid increase i n  drag  coefficient 
with lif't coefficient for the cambered  wing throughout the   f ich  number 
range. The comparison can be seen more clearly i n  figure 12 i n  which 
data from the two configurations  are shown on the same plot  for  three 
representative Mach rimers i n  the subsonic and transonic speed  ranges. 
The m a x i m  advantage of the  cmbered wing configuration  occurs a t  l i f t  
coefficients above 0.3 and  amounts t o  a decrease i n  drag  coefficient of 
about 0.01 a t  a lift coefficient of 0.3. 

A measure  of the drag result ing from lift i s  the slope of the  curves 
of CL' plotted  against CD as shown in   f igure  13. It can be  seen that 
the  slopes are not  constant  over  the  tested lift range of the  airplane 
but t h a t  variations occur, particularly  for  the cambered  wing configura- 

t ion.  Because of the nonlinearity of the %, CL2 relationship  for the 

cambered wing, the parameter %/%2 i s  used as a drag-due-to-lift 
factor t o  form  a basis  for comparison of the two configurations. The term 

i s  the difference between % a t  a given lift; coefficient and C DO 
for a symmetrical wing configuration;  therefore the increment i n  drag-due 
t o - l i f t  of a cambered wing i s  t h a t  increment i n  drag above the  zero-lift 
drag  coefficient of a symmetrical wing. 

Figure 14 indicates  that  the  drag-due-to-lift  factor  for  the cambered 
wLng configuration i s  65 t o  75 percent of the symmetrical  values a t  l i f t  
coefficient of 0.2 and 75 t o  85 percent of symmetrical values a t  
CL = 0.32 for  hbch  numbers  below the  drag rise. Figure 1.5 shows the 

21 

e 
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variation of drag-due-to-lift  factor with Mach nmber for the two con- 
figurations along with 1 /cL, and 1/d ( theoret ical   l imits  assuming, 

respectively,  zero md 100 percent $eaiiing-edge suction). As can be 
seen, the cambered wing develops a greater  portion of the theoret ical  
predicted leading-edge suction  than does the symnretricd a. Although 
t h i s  comparison  should be v i e w e d  with  caution, it i s  &IL interest ing if 
somewhat rough measure of the  effect  of camber on the  dragdue-to-lif t  
of  the YF-102 airplane. 

The comparison shown in   f igure  16 indicates that the maximum lift- 
drag r a t i o  for the ca&ered canfiguration i s  about 20 percent  higher 
than fo r  the symmetrical  values  throughout the comparable Mach  n-er 
range. ”he maximum lift-drag r a t i o  values a t  M = 0.8 are about 10.6 
and 9.0 for the cambered and symmetrical  configurations,  respectively. 

FLIGE-TLTNNEL COMPARISONS 

Comparison has been made of the flight data and unpublished 
l/zO-scale model data fromthe Langley 8-foot  transonic  tunnel. The 
tunnel data represent Reynolds nuuiber va lues  from 3.6 x 10 6 to 4.6 x 10 6 
based on the mean aerodynamic chord. 

Average center-of-gravity positions f o r  flight data and tunnel data 
were about 29 percent man aerodynamic chord and 27.5 percent =an aero- 
dynamic chord, respectively. For the comparison, tunnel  data were 
adjusted t o  the 8- trim  conditions  as the flight data by using the 
elevon  deflections shown i n  figure 9 .  

Figure 1.7 shows a camparison of the  Uft-curve  slope mia t ions  
with Mach  number for  the flfght and tunnel data for both  configurations. 
These data  represent the average values  for l i f t  coefficients  less  than 
0.3. The cmfbered a data show similar trends  throughout the Mach 
number range f o r  both sources. However,  for the symmetrical tring data 
the  flight Uft-curve  slope  increases gradually w h i l e  the  tunnel data 
remain constant as Mach rider increases   to  0.9. The tuzlnel data then 
increase  abruptly,  continuing  for  the remainder of the Mach  number range 
near  the flight lift-curve slope  level.  Figure  l7(a)  presents the r a t f o  
of lift-curve  slopes for  the canibered wing and symmetrical w i n g  
configurations . 

In  f igure 18 extrapolated sues of fught zero-lif t  drag coeffi- 
cient  are compared with tunnel data f o r  both  configurations.  Flight 
values  for  the cambered wing are about 75 t o  85 percent of the tunnel 
level   pr ior  t o  the drag r i se ,  and f o r  the symmetrical sjing are 80 t o  

percent of the tunnel values.  Included i n  figure 18 i s  an estfmate 
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of  the  transonic  and  supersonic  level  of 0 for  the  model  fuselage 

base  exactly  proportional  to Full scale,  using  the  method  of  reference 4. 
The  drag-rise  Mach  number, 0.93 for  both  configurations  as  predicted  by 
the  tunnel  tests,  agrees  with  flight data. 

0 

The  effect  of camber on drag-due-to-lift  for  both  flight  and  tunnel 
can be  seen in figures 19 and 20 where  drag  coefficient  is  related  to 
lift  coefficient  and  lift  coefficient  squared  for  representative  constant 
Mach  numbers. 

The conrparisons of the  maximum  lift-drag  ratio  variation  with  hhch 
number  shown  in  figure 21 indicate  closer  agreement  between  flight  and 
tunnel  for  the  cambered  configuration than for  the  symmetrical  config- 
uration.  The symmetrical wing  comparison shows about 15 percent  differ- 
ence  at M = 0.9 between  flight and tunnel data, whereas  at  the s- 
Mach  number  the  cambered  comparison  indicates a 5-percent  difference 
between  the  data  sources.  Figure  21(a)  presents  the  ratio  of (L/D)- 
values  for  the  cembered wing and  symcetrical  wing  configurations. 

In the  correlation  of  flight and wind-tunnel data the  question  of 
Reynolds  number  effects  arises.  However,  caution  must  be  exercised  in 
Etttributing  differences  between  flight  and  wind-tunnel  data  to  Reynolds u 

number  effects  because  the  differences  lie  almost  within  the  accuracy of 
the  data  and  the  models  almost  always  incorporate some compromises  and 
deviations from true  scale.  The  most  common  devdations  result f r o m  stin@; 
mounting  difficulties  and  the  sinnilation of internal flow, and almost 
as  frequent  are  deviations  resulting from engineering  changes  made 
between  the tine the  model  tests  are run and the  time  the  flight  airplane 
is  completed.  In  the  case of the YF-102 airplane,  there  were  three  sets 
of  wind-tunnel  data  covering  adequate lift and  Mach  number  ranges. One 
was f'rom the  Langley  8-foot  transonic wind tunnel  using a model  of an 
earlier  configuration having a fuselage 4.2 percent  smaller  in dimter 
and a shorter  fuselage than a true  scale  model.  The  fuselage  base had 
been  enlarged to accommodate  the  sting,  but  because  of  the  shortened  base 
the  boattail  angle was approximately correct. For the  symmetrical  wing 
configuration  the  model also had a shortened  fiselage nose. 

c 

The other  sets of data  are from the  Wright Air Developement  Center 
lO-foot  transonic  wind  tunnel and the  Southern  California  Cooperative 
Wind  Tunnel,  Pasadena, Calif. These  two  sets  of data used  the same 
model  for  which  the  f'uselage  nose  and  cen'cer  section  were  tmze to scale, 
but  the  fuselage  rear  section  was  too long. The  data  were  not  used for 
comparison  purposes  because  there was no a i r  flow through  the  model and 
the  inlet  ducts  were  faired  into  the  forward  part of the  f'uselage.  For 
flight in the  transonfc  speed  region,  inlet mass f l o w  ratios  range in 
the  vicinity  of 90 percent, so the  f'ree-stream  area  of  the  internal  air 
amounts to 9.9 percent  of  the  fuselage  cross-sectional  area.  The  serious .) 

". 
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consequences of the  lack of simulation of the in te rna l   a i r  flow are pre- 

in  the  transonic  region wmting t o  as much as 20 percent and more, 
resulting from closing and fairing the inlets. Consequently, it was 
f e l t  that the  deviations fromtrue male were less significant for the 
Langley 8-foot  tunnel models and data S r m t h e s e  models were used in  
this paper for  conpzison. 

:- sented i n  references 5 a ~ a  6. The latter reference  indicates drag errors 

The WADC 10-foot  transonic wind-tunnel data give an indication of 
Reynolds Iuzmber effects because, with the same model, Reynolds nmibers 

based on the mean aerodynamic  chord of 2.2 x lo6 and 4.8 x 10 were 
obtained by vary ing  the tunnel air density.  Figure 22 presents data for 
the cambered wing configuration a t  a Mach rimer of 0.8 and zero Hft for  
the WADC tests, the Langley 8-foot  transonic  tunnel tests, and flight 
tests. Also shown i n  this figure i s  a curve of turbulent f low skin 
friction  taken from the theoretical  work of Van Driest (ref. 7), asld 
corrected from a surface mea basis t o  a w i n g  area basis by multiplying 

. by 2.72, the r a t i o  of surface  mea  to wing area. It i s  interesting t o  
note in figwe 22 that the two WADC t e s t  point8 and also the &foot 
tunnel  test   point coribined w i t h  the flrght data show decreases i n  drag 
with increasing Reynolds nlmiber, comparable t o  that of the Van Drfest 
theoretical  skin-friction  curve. However, it i s ' f e l t  that because o f  
the accuracies of the fUght and tunnel data presented in  this paper, 
bec&.use of deviation o f  the models fromtrue scale, and because none of 

important, no quantitative stek,ement concerning Reynolds nuniber effects 
can be made from the flight data. 

6 

Y 

4 the models simulated the engine j e t ,  which references 5 and 6 regard. as 

SUMMARY OF RESULTS 

Flight evaluation of the l i f t  and drag  characteristics of the 
Convair YF-Lo2 afrP3-a~ d t h  both symmetrical md cmibered wing config- 
urations gave the  follov3ng  results: 

1. The lift-curve  slopes  increased gradually over the Uft- 
coefficient range from 0.1 t o  0.4 w i t h  greater  increase f o r  the Symmet- 
rical wing configuration  than f o r  the cmibered wfng configuration. 

2. The modifications  comprising the cambered w i n g  configuration 
caused an  increase i n  the  angle of attack f o r  zero l i f t  of less than 
0.5O over the Mach  nuniber range. 

+- 3.  The cambered wing configuration had lower drag-coefficient  values 
for  lift coefficients above 0.1, with maximum decrease i n  drag coeffi- 
cient of about 0.01 occurring a t  a Uft coefficient of about 0.3. 
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4. At  lift-coefficient  values  of  about 0.2 the  drag-due-to-lift f o r  
the  cambered wing configuration  is 65 to 75 percent of the  symmetrical 
wing configuration  for  Mach  numbers  below  the  drag  rise. At a lifk 
coefficient of 0.35 the  drag-due-to-lift  for  the  cambered  wing  is f r o m  
75 to 85 percent  of  the  symmetrical wing configuration. 

5 .  The  maximum  lift-drag  Patio for the  cambered  wing i s  almost 
20 percent  higher  than for  the  comparable  symmetrical  wing  values 
throughout  the  Mach  nuniber range. 

6 .  Comparisons of flight  and  tunnel  drag  characteristics  suggest 
a tendency of zero-lift  drag  coefficient to decrease  with  increasing 
Reynolds  number;  however,  it  cannot  be  determined f r o m  these  comparisons 
what par t  of the  zero-lift  drag  coefficient  change is due  to  Reynolds 
number  and  what  portion  should  be  attributed to model  variations f r o m  
exact  reproductions,  or  to  inaccuracies in the  data. 

High-speed  Flight  Station, 
National.  Advisory  Committee  for  Aeronautics, 

Edwards, Calif. , April 23, 1956. 
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Wing; 
A i r f o i l s e c t i o n . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  
T o t a l a r e a , s q  e . . . . . . . . . . . . . . . . . . . . . . . . . .  
Spsn,r’t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
R o o t c h o r d , f t  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T i p c h o r d , f t .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Aspect r a t i o  
%per r a t i o  

Sweep st leading edge, deg . . . . . . . . . . . . . . . . . . . . .  
Dihedral, deg 
Incidence,  deg 

kcmetr ic  twist, deg . . . . . . . . . . . . . . . . . . . . . . . .  
Outboard fence,  percent king spa 
I n k m n i  fence, percent v ing  span 

Tip reflex, deg . . . . . . . . . . . . . . . . . . . . . . . . . .  
Mexiracm thlclules8: 

Fioot, percent chord . . . . . . . . . . . . . . . . . . . . . . . .  
Outboard edge of elevon,  percent chord . . . . . . . . . . . . . .  

Mem aeroaynamrc chord, Ft . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Conical camber (leading edge), percent  chord . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  

.0*023 - 2.08 
63.1 

0 
0 

6.3 
0 
37 
67 
10 

3.9 
J .9 

- 2.m 
63 
0 
0 

NOIl-2 
0 

N e  
67 
0 

4 .Q 
4 .O 

Elevon8 : . . . . . . . . . .  
S p n  (one  elevon), it 
Area ( total ,   both rearvard of h i n g e  l ine) ,  a q  ft 67-77 67 .n 
Root chord (rearweml of hinge l i n e )  parallel to 

l i p  chora (re-d of hinge l i n e ) ,  ft 
Zlevator  travel, deg: 

. . . . . . . . . . . . . . . . . . . . . . . .  13 .A 13.26 

. . . . . . . . . . . . . . . . . . . . .  fusalnge  center line, ft 3 -15 3.15 
2.03 2 -05 

up . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33 
Down 

35 
A i l -  t rave l  total, deg 

20 a . . . . . . . . . . . . . . . . . . . . . .  20 20 
Operarim. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  W E U i C  w a u l i c  

. . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Vert ical  tail: 
Air?oil aaction . . . . . . . . . . . . . . . . . . . . . . . . . . .  
k e a  (above mter line 33.00), a q  ft 
suesp at leading e&p, aeg 
hkight above fuselage  center  line, ft 

60 . . . . . . . . . . . . . . . . . . . . . . . . . .  11.41 

LIACA ooolr-65 ( w r i e d )  
a . 3 3  . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Ruder: 
(rearvard of hinge l i n e ) ,  sq ft . . . . . . . . . . . . . . . . . . . . . . . . . .  10.47 

span,rt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Foot chord (rearward of binge l ine) ,  ft 

4-63 
Tip  chord (rearward of binge Line), ft 

2 .IO . . . . . . . . . . . . . . . . . . . . . . . . .  1.a 
Trave1,deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
o p e r a t i o n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  rrydraullc 

e 5  

. . . . . . . . . . . . . . . . . . . . . . . . .  

Fuselage : ‘Le&,Ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
lkxlmRldiamtter,ft 52.4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  b.> 

Pcwer pianc: 
Prstt m d  Whitney . . . . . . . . . . . . . . . . . . . . .  JgT-Pll turbojet  engine w l t h  afterburner 
Static thrwt a t  888 level ,   lb  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sta t i c   t h rvs t  at sea  level,  Rrterturner, lb 1 4 , m  

9,700 . . . . . . . . . . . . . . . . . . . . . . .  
Center-oP-gmdty location,  percent E: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Totalwei@lt 
m t y w e i g h t  234 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23.8 

K-nts or’ iner t ia   (es t imate6  for  24,000-lb guss weight): 
Ix, slug-& . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19,200 

IT, *lug-ft~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  lo6,oOo 

I ~ , a l u g - f t 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 , F O  

slug-ft2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  114,603 

Incl inat ion of principal  axis ( e s t b t d )  belov reference axis st nose,  deg . . . . . . . .  2 
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(a) Canibered wing. 
Figure 1.- Three-view drawings of the YF-102 amlane .  



18 NACA RM ~ 5 6 ~ 0 8  

(b) Symmetrical w h g .  

Figure 1.- Concluded. 
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Figure 2.- Photographs of the YF-102 a l r p b m  vlth cambered wing. 
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F l g ~ ~ r e  5.- Cross-sectFonal area distribution of the D-102 airplane. 
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* '  3.0 

Figure 6.- Variation of thrust  coefficient with exit pressure ratio 
f o r  afterburner-on and afterburner-off  conditions. 

1.2 1.4 1.6 1.6 2.0 2.2 



I 
(a) Cmbered wing. 

Figme 7.- Variation of ILft coefficient with angle of attack. Trimmed 
flight. Solla points id ica te  data from stabilized level rum. 
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(b) Synuaetr lca l  wing. 
Figure 7.- Concluded. 



(a) Cambered wing. 
Figure 8.- Variation of dreg coefficient with l i f t  coefficient- T!t”Lnrmed 

fUght. Solid point6 M i c a t e  data from stabillzed Level m 6 .  

B 1 

. .   . .  

0 r 



b I 

. .  . 

I i 



28 

IC 

2 

C ~ 

(a) Cambered. 
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Figure 10.- Cornpar laon of the re,htiomhlp of lifk-curve slope and Mach 
number Trimmed f Vght . 
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Figure 11.- Camparison of the relationship o f  zero-llfi drag coefficient 
and Mach number. Trimmed flight. 
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pigure 12.- Comparison of lm-drag relationship at representative Mach 
numbers. Tr-d fllght . 
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(a) Cambered wing. 
Figure 13.- Relationship of lift coefficient s w e d  and drag coefYlcient 

for trimmed flight. 
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(a) Symmetrical wing. 
Figure 13. - Concluded. 
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Figure 14.- Comparison of the relationship af drag-due-to-lift  factor 
and Mach number. Trinmd flight. 
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(a) Cambered w i n g .  

35 

M 

(b) Symmetrical wing. 
Figure 15 .- Comparison  of drag-due-to-lift factor with theoretical limits 

throughout Mach number range. Trimmed flight ; CL = 0.2. 
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Figure 16.- C o n p r i s o n  of the relationship of lnaxinnrm lift-dmg ratio 
and Mach number. Trinrmed flight. 
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(a) Ratio,  canibered to symmetrical. 

Flight 

- - - Tunnel 

(b) Canibered. 

M 

( c)  Symmetrical. 

Figure 17.- Comparison  of lift-curve elqe as measured in flight and 
wind tunnel. Trimmed condition. 
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(a) Cambered. 
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(b)  Symmetrical. - 
Figure 18.- Comparison of zero-lift drag coefficient as measured i n  f l i gh t  

and wind tunnel. T r i m e d  condition. - 
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(a) Cambered wing. 
Figure 19.- Variation of drag coefficient with llft coefficient  for 

several hlach numbers. Trirmned condition. 
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(b) Spmetrical wing. 

Figure 19.- Concluded. 
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(b) Synrmetrical wing. 
Figure 20.- Concluded. 
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(a) Ratio, cambered to symmetrical. 
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(b) Canibered. 
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(c) Symmetrical. 

Figure 21.- Comparison of maximum lift-drag ratio as measured in flight 
and  wind tunnel. TrFmmed condition. 
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Flgure 22.- The relatiomhip of zero-lift drag coefficient and Reynolds 
numher for PI = 0.8. 
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